The asymmetrical mutual influence of investor sentiment and the basis of CSI 300 stock index futures under conditions in different market situations was investigated using the quantile vector autoregressive model (QVAR). The article also discussed asymmetrical influence of investor sentiment on the basis under conditions in different investor structures using the quantile regression method. On this basis, we obtained several important conclusions: (1) There exists a one-way causal relationship where investor sentiment has a significant impact on the CSI 300 stock index futures basis in China; the investor sentiment is likely to exert stronger influences on the basis in the chaotic period of the stock market and imposes significant asymmetrical effects. (2) The institutionalized development of investors can reduce the influences of investor sentiment on the basis when the stock market is stable, while it does not play its function in stabilizing the capital market when the stock market is in turmoil. (3) The low institutionalization level, the individualization of institutional investors, and the imperfect short-sales mechanism as a whole are still the sticking problems in the immature capital market of China.
Introduction
The basis of CSI 300 stock index futures is the difference between the CSI 300 spot index and futures index and plays an important role in the information transfer of the capital market. It does not only provide investors with diverse risk management strategies, but also help to improve the scale and structure of China's capital market. Its hedging effectiveness is also a direct reflection of China's capital market operation efficiency and has an important guiding significance deepening of the capital market. Generally in an efficient market, the difference between the futures and spot prices will not have a large systematical deviation. However, the abnormal phenomenon occurs to the price difference under extremely special conditions. For example, the futures index showed substantial discount relative to the stock index and the basis strengthened during the Chinese stock market crash in 2015. Such significant discount is a great problem in the operation of the capital market and needs to be deeply studied and interpreted.
For a long period to come, what the capital market and the theoretical circle both need to systemically consider are the following questions: whether there exists the interaction between the basis of stock index futures and Chinese investors' sentiment, whether the asymmetrical interaction between investor sentiment and the basis varies in different market situations, and whether the improvement of the institutionalization of the capital market in China is in favor of alleviating the abnormal effects of the investor sentiment on the basis. Studying and answering these questions can comprehensively analyze the relationship between investor sentiment and the basis and sufficiently unveil the hedging and pricing efficiencies of the stock index futures market in China. This is of great reference significance for the formation of market investment strategies and the decision adjustment of the regulatory agencies.
The paper is divided into six parts: Section 1 is the introduction, Section 2 reviews the relevant literatures, Section 3 puts forward the hypotheses to be tested and the research 2 Discrete Dynamics in Nature and Society design, the selected sample data and descriptive statistics are provided in Section 4, Section 5 reveals the results of the empirical analysis on the relationship between the investor sentiment and the basis, and Section 6 draws the conclusions and the inspirations.
Literature Review

. . Research on the Relationship between the Basis and Investor
Sentiment. Many factors in the capital market have influences on the trend of the basis, including market liquidity and volatility, risk-free interest rate, and investor structure (Marcinkiewicz, 2014) [1] . It was pointed out by Baker and Stein (2008) [2] that the liquidity can be taken as the investor sentiment index in the market with short-sales constraints. Noise traders generally have irrational buying behaviors when they are in high spirits, and the demand shocks will improve the liquidity of the securities market. A market with high liquidity commonly presents low transaction cost and impacts cost of stock, which further drives the rise in the stock price. Roll et al. (2007) [3] studied the liquidity of the New York Stock Exchange (NYSE) and the futures-spot basis of its component index. They concluded that the two have the Granger causality. Through the impulse response analysis of the bivariate VAR model, they found that the liquidity has greater short-term influences on futures-spot arbitragers. Moreover, among the literatures on the factors affecting the basis, some scholars found the Granger causality relationship between the liquidity and the basis (Lien et al., 2013; Li and Guo, 2017) [4, 5] .
As scholars across the world constantly deepen the research on the investor sentiment and the behavioral bias, some literatures begin to focus on the influences of investor sentiment on the securities market. Investor sentiment reflects the expectations of investors for the future of the market. Because investor sentiment cannot be directly measured, previous researchers basically construct investor sentiment index by using single or multiple sentiment factors. Investor sentiment is also responsible for the irrational fluctuations of the stock price. Scholars across the world have found that investor sentiment has a significant relationship with the market volatility, which indicates that the higher the investor sentiment level, the greater the volatility of the stock market (Yang and Gao, 2014; Wang et al., 2017) [6, 7] . Different from the above literatures, Zheng and Lin (2015) [8] found there is no significant relationship between the liquidity and the pricing bias of the CSI 300 stock index futures through the VAR model. Instead, the investor sentiment is the dominating influence factor of the pricing bias in China. On the whole, scholars carried out few studies on the relationship between investor sentiment and the basis. Zou and Sun (2012) [9] obtained a valuable research finding which is worth using to study the relationship between the investor sentiment and the basis. They found that the investor sentiment exerts different degrees of influences on the trade in different market situations, and the investor sentiment also has different impact on the returns and volatility of the stock market. Therefore, it is very necessary to study whether investor sentiment and the basis of stock index are mutually influential or not in different market situations, especially in the time period before and after the capital market turning from the steady operation to the unsteady one in China. If the mutual influence changes, what are the changes and what influences will they bring about?
. . Improvement of the Research Methods. Overseas studies on the relationship between the change of the basis and the relevant influence factors mainly use analysis methods including the VAR model and Granger causality test (Roll, 2007; Kadapakkam and Kumar, 2013; Han and Pan, 2016) [3, 10, 11] , while investigations into the asymmetrical impacts of the liquidity or the investor sentiment on the basis are hardly seen. The commonly used methods are confined to setting dummy variables or using models (asymmetric GARCH model or piecewise regression model). However, these methods have shortcomings of losing samples and therefore cannot effectively measure the asymmetrical mutual influence between the basis and investor sentiment.
Based on the above literatures, the current research divided the market into the steady and chaotic situations from a new perspective, in order to explore the relationship between investor sentiment and the basis in different market situations. For the first time, we use the quantile vector autoregressive model (QVAR) method to analyze the asymmetrical mutual influence between investor sentiment and the basis. Different from the processing methods used by previous researchers, this method is superior to the VAR model as it can be used to analyze the relationship between two variables at different quantile levels. It is also superior to quantile regression that can provide more robust regression results and avoid endogeneity caused by causal relationship.
Hypotheses to Be Tested and Research Design
. . Hypotheses to Be Tested. According to the above literature review, we summarize key research issues from three aspects to further analyze the hypothesis: Firstly, the investor sentiment can influence the basis directly through the supplydemand relationship or by indirectly impacting the market liquidity and volatility. When the investor sentiment grows, investors find that the hedging and arbitrage are less attractive but tend to the unilateral speculation for the stock index futures (high-risk assets). The increasing market liquidity and volatility further lessen the basis, which is apt to cause futures premium. On the contrary, as the market sentiment reduces, investors' pessimistic judgment of index trend will be reflected by the price of the stock index futures, which is likely to propel the discount of stock index futures and strengthen the basis. Therefore, it can be seen that the investor sentiment is the factor leading to the change of the basis which declines with the growing index of the investor sentiment while it increases with the decrease of the index. Meanwhile the degree of basis discount reflects the expectations for futures market, giving the wrong information to the noise trader. Because of Chinese futures market's immaturity and lack of arbitrage trading, insufficient liquidity in the capital market cannot be effectively reflected in investor sentiment. Compared to the impact of investor sentiment on the basis, the impact of the basis on investor sentiment may not be significant.
Secondly, investors' psychology and behavior are affected by the market environment in different market situations. Meanwhile, the interaction between basis and investor sentiment also varies in different market situations. This is because the market situation can be reflected in the characteristics of capital market prices and volatility. Whether the market is stable or not will affect investors' judgment on the capital market situation; this subjective judgment will bring about the corresponding trading behavior. It will be reflected in the premium of the stock index futures and the stock index futures basis. In summary, investors will have different trading behaviors due to the different market conditions and investors will also generate different levels of mood fluctuation based on the basis in different market situations. So the impact on the basis will also be different. The mutual influence between investor sentiment and basis changes as the market situation changes.
Thirdly, the asymmetrical short-sales mechanism of the spot market commonly restricts the reverse cash and carry arbitrage, which is the leading cause for the asymmetric effects of the investor sentiment on the basis. In the same way, investors will also generate a different level of mood fluctuation based on the different level of the basis. Moreover, the change of the basis is the result of multiple influence factors. The psychological and behavioral biases of investors in the periods of futures premium and discount also can induce the asymmetrical change of the sensitivity of these factors to the basis.
Fourthly, irrational noise trade is likely to result in the continuous rise of the market price and the theoretical price. From the perspective of trading behavior of different types of investors, Lee et al. (2012) [12] found from empirical research that irrational behaviors of investors in different structures have different influences on the basis. Therefore, the effects of the investor sentiment on the basis can be probably impacted by different investor structures: institutional investors in the market are basically more rational in terms of the investment (Daniel et al., 1997) [13] , while individual investors are more likely to behave irrationally while making their investment decisions (Odean, 1998) [14] . When the number of individual investors grows in the market, the soaring investor sentiment can amplify the irrational buying behavior and leads to the continuous increase of the basis. Based on the four aspects, the following four hypotheses (1∼4) to be tested are proposed:
Hypothesis . Under the same market situation, there exists a two-way causal relationship or one-way causal relationship between investor sentiment and basis. The basis decreases with the enlarging index of the investor sentiment and increases with the decline of the index However, these indicator data present poor continuity and consistency and whether the data are compiled rationally remains to be further checked through the practice. In the academic circle, the majority of scholars in China carry out investigations using sentiment proxy variables, such as closed-end fund premium/discount rate, price-earnings ratio (PE), new trading accounts, initial public offering (IPO) shares, IPO initial return, and some indicators of market liquidity. Because the liquidity data are difficult to measure, domestic scholars (Zheng and Lin, 2015) [8] adopted the turnover and the trading volume as the proxy indicators of the liquidity, which are able to reflect the changes of the investor sentiment to some extent. The current research discriminates these sentiment variables, so as to establish the model. The reasons are as follows: Firstly, the IPO shares and the IPO initial return are influenced by many human factors and the increase in the IPO shares of enterprises is a long-term process, so they are not suitable for reflecting the investor sentiment. Secondly, China has comprehensively loosened the restriction that "one person can only have one account" in the A-share market since April of 2015, so the new trading account loses its representativeness as the indicator of investor sentiment. It, however, can be replaced by the number of investors newly participating in the trade. Thirdly, Kumar and Lee (2006) [15] used the ratio of the difference between the buying and selling volumes of stock to the total trading volume to represent the investor sentiment. Their empirical analysis reveals that the indicator more accurately represents the investor sentiment in explaining the stock price change than the closed-end fund premium/discount rate. Therefore, the ratio of the difference of the active buying amount minus the active selling amount to the total trading volume is taken as the active buying rate indicator in the spot market. As the data of active buying and selling are difficult to attain, the net inflow of funds in the CSI 300 block is regarded as the proxy variable for the difference between the active buying amount and the active selling amount. After eliminating the extreme situations such as circuit breakers of the stock market, the weekly average net inflow of funds is used as the indicator of the active buying rate in the spot market. And fourthly, the trading volume and the turnover can describe the variation of the investor sentiment and further affect the liquidity of the futures and spot markets, so 4 Discrete Dynamics in Nature and Society the ratio of the trading volume to the circulated stock value is taken as the turnover of the market.
Based on the above considerations, the research selects the number (num) of investors newly participating in the A-share trade in the end of a phase closed-end fund premium/discount rate (prem), market turnover (turnover), average price-earnings ratio (PE) of A shares, and the active buying rate (buyrate) in the spot market as the original indicators for the composite index of the investor sentiment.
We consider that the composite index of the investor sentiment proposed by Huang et al. (2015) [16] using the partial least squares (PLS) has higher accuracy and stronger predictive ability than those constructed using other methods. PLS can be implemented by the following two steps of OLS regressions. In the first step, for each original investor sentiment proxy x i (x i is the number of investors newly participating in the A-share trade in the end of a phase closedend fund premium/discount rate, market turnover, average price-earnings ratio of A shares, and the active buying rate in the spot market), we run a time-series regression of x i,t−1 on a constant and realized stock return R t .
The coefficient in the first-stage estimation can describe how each sentiment index depends on the true investor sentiment. captures the sensitivity of each sentiment proxy x i,t−1 to investor sentiment −1 instrumented by future stock return that expected excess stock return explained by investor sentiment as the following standard linear relation:
In the second-stage regression, we run a cross-sectional regression of x i,t−1 on the corresponding loadinĝestimated in (1),
where is the estimated investor sentiment and can be regarded as investor sentiment of the capital market in China. By using the complete-sample information, we obtain the T × 1 vector
PLS is the linear composition of the indicators of the investor sentiment and also the expression of the composite sentiment index using the PLS method.
where R is the T×1 vector of the spot return of the CSI 300 stock index and X= ( 
. . . Futures-Spot Basis (Explained Variable/Endogenous Variable).
To study the mutual influence between the investor sentiment and the futures-spot basis of the CSI 300 stock index, the weekly basis of the CSI 300 index is used as the explained variable and the basis at the moment t is defined as Basis t = ln(S t ) − ln(F t ). Therein, S t and F t are the CSI 300 index price at t and the futures price obtained via weighting in accordance with the positions.
. . . Moderator Variable. The quarterly data in the Wind database are used as the structure data (structure) of the investors. The "structure" represents the proportion of the CSI 300 component stock held by institutional investors. The current research also assumes that the investor structure does not change in a quarter. It needs to be noted that although the assumption is likely to lead to the sequence correlation, the corresponding shareholding ratio of institutional investors is not absolutely identical due to the different weights of CSI 300 component stock every day. Moreover, the quantile regression method relaxes the restriction for the assumption of the error term, so the assumption does not impact the results of regression analysis.
. . . Control Variables ( ) Market Interest Rate (Holding Cost).
The market interest rate r influences the flow of the market funds, as well as the cost for investors to invest in the spot and the futures markets. When the market interest rate rises, the financing cost grows, which shrinks the futures-spot arbitrage opportunities and further influences the basis. To uniformly match with other weekly variables in real time, the weekly interest rate of bond repurchase is adopted as the risk-free interest rate.
( ) Arbitrage Cost. Arbitrage cost consists of direct cost and indirect cost. Therein, the direct cost of the stock market includes the commission and the stamp tax while that of the futures market merely involves the commission. Although the CSI 300 and the SSE 50 stock index futures contracts have risen the trade security deposit and the service charge to different extents for the nonhedging positions since the stock market disaster in 2015, the direct arbitrage cost is still fixed because the trade in the spot market follows the "T+1" trading rule. So, we need to pay more attention to the influences of the variable indirect arbitrage costs on the adjustment of the basis. Indirect transaction costs mainly include the impact cost and the waiting cost. The impact cost can not only measure the part of transaction cost with liquidity premium but also estimate the risk brought about by the development of the price to the unfavorable orientation in the waiting process. Among the overseas researches on the impact cost, Harris (1990) [17] proposed the statistical measurement index based on tick-by-tick trade, and others put forward price impact models based on the econometric model (Glosten and Harris, 1988; Hasbrouck, 1991) [18, 19] . As the highfrequency tick-by-tick trade data needed in these methods are hard to attain and need complex computation, we refer to the impact cost model put forward by Almgren (2005) [20] to calculate the impact cost. Moreover, the CSI 300 stock index futures market has different impact costs of arbitrage Discrete Dynamics in Nature and Society 5 with its component stock and CSI 300ETF. Therefore, it is necessary to calculate the impact costs ("impact-F," "impact-S," and "impact-ETF") of the CSI 300 stock index futures, component stock, and CSI 300 ETF, respectively. The waiting cost is represented by the volatility ("rsigma") of the return of the CSI 300 index and the volatility ("frsigma") of the return of the CSI 300 stock index futures.
Then use the following steps to calculate impact costs. Based on the nature and characteristics of the perpetual impact and the temporary impact costs, we firstly define the impact cost referring to the research (Wei and Liang, 2013) [21] conclusion as follows:
where IC is the impact cost and I and J− /2 are perpetual impact and the temporary impact costs, respectively. We assume that the impact cost function is of linear form; and are perpetual and temporary impact factors, respectively. Suppose a single transaction volume X for any stock; we choose the standardized daily market volume (N) to obtain the standardization of its trading speed (v = X/NT). Transaction speed "v" is in line with the trading direction. We use "NT" to present the average volume of transactions from time 0 to , which avoids directly estimating T. So the econometric model to calculate the impact cost is as follows:
where is the intraday volatility calculated by the price of stock index futures; X is the daily market trading volume calculated by the average market trading volume over the past 10 trading days, through the net capital flow of the average price, a period of time ( ) and the prices when corresponding impact disappears ( ) to obtain the price perpetual impact (I) and the temporary impact costs (J − /2). 0 represents the stock at the beginning of the transaction and represents the stock price at moment t. Then we can get the impact (I) and the temporary impact costs (J − /2) to estimate parameters and .
In this paper we use the above method to compute the impact costs (impact-F, impact-S, and impact-ETF) using the estimated parameter values and .
( ) Mean-Reversion Characteristic (Reversion).
The arbitrage mechanism in the market allows stock index futures to have a long-term equilibrium relation with the spot commodity. If the basis is beyond the risk-free arbitrage interval, the presence of large amounts of arbitrage activities will lead to the mean reversion. Numerous studies of Chinese scholars (Theobald and Yallup, 2001 ; Monoyios and Sarno, 2002; Yi et al., 2010) [22] [23] [24] have proved that the basis of the stock index futures shows the nonlinear mean-reversion characteristic. Due to the constraint of the short-sales mechanism of the stock spot market in China, the mean reversion has more significant asymmetry. In the research, suppose the basis subject to the following stochastic processes:
where is the basis of SCI 300 stock index futures and meets the condition 1 2 = 0. , , are the parameters for risk neutral market. is the long-term equilibrium value of the basis. We should do mathematical expectations on both sides of the formula and get the long-term equilibrium value of the basis ( ) and combined with the first formula of (9),
can be used to interpret the mean-reversion characteristic by dividing the difference between the basis and the mean using the relative volatility between the SCI 300 stock index futures and the spot index.
. . Quantile Regression Model and Quantile Vector Autoregressive Model.
Before we test the influence of the investor sentiment on the basis, the endogenous problems caused by mutual causality between sentiment and basis should be considered. In addition to the simple Granger causality test, the quantile vector autoregressive model (QVAR) [25] can measure the causal relationships. We can first investigate the asymmetrical mutual influence of investor sentiment and the basis of CSI 300 stock index futures under conditions in different market situations using the quantile vector autoregressive model. The quantile vector autoregressive model of order p is shown as follows:
) (
where Basis t is the basis of the CSI 300 stock index futures in the th week and S PLS is the composite index of the investor sentiment in the th week. Basis t and S PLS are endogenous variables and c( ) is the N-dimensional intercept term vector at the level of division = ( 1 , 2 ) . The lag coefficient matrix ( ) with n × n dimension size and ( ) represents the error term vector with n × 1 dimension size. This model can consider the interrelationships between the endogenous variables at different quantile levels, simultaneously. Then the influence of investor sentiment on basis under different investor structures is discussed using the quantile regression method. The quantile regression model is applied to test the influences of the investor sentiment on the basis, and the model is shown as follows:
Lagging the control variable Control t−1 by one order can avert the occurrence of the endogeneity in the regression model. To more favorably compare the influences of different factors on the basis, all variables except for the explained variable are standardized. This way, the influences of perunit change of each factor on the basis can be more easily compared.
In the robustness test, the control function method is used to establish the semiparameter quantile regression model, which is shown as follows:
where Basis t and S PLS represent the basis of the CSI 300 stock index futures and the composite index of the investor sentiment in the th week, respectively. X t is an endogenous explanatory variable while Z t is the instrumental variable of X t . Lagging the control variable Control t−1 by one order can avoid the endogeneity in the regression model and Control t−1 can be regarded as an exogenous explanatory variable. t and t are unobservable real-valued random variables. In the regression, formula (14) is subjected to the quantile regression at first, and then the obtained residue term is substituted in formula (13) to carry out the quantile regression to attain the estimates of the parameters.
Sample Data and Descriptive Statistics
. . Sample Data. The sample data used in the research were the daily trading data of the CSI 300 stock index futures from July 26, 2013, to July 15, 2016. Because the majority of the proxy variables for the investor sentiment are weekly data, data of 155 weeks were used for the research. Based on the distinguishing method for the bull market and the bear market proposed by Pagan and Sossounov (2003) [26] , the volatility three months before and after the th week was calculated to differentiate the market situations. It is regarded that the stock market becomes chaotic when the volatility of the th week and in the subsequent period (lasts no less than 4 months) keeps exceeding 20% of the volatility before the th week. In this way, the market is divided into a steady period (July 26, 2013∼March 27, 2015) and a chaotic period (April 3, 2015∼July 15, 2016) . The explained variable, explanatory variables, control variables, and moderator variable were all calculated by the original data which were collected from the Wind database and underwent quantile regression analysis using R3.3.0.
. . Descriptive Statistics and Variance Analysis. Table 1 lists the detailed descriptions of each variable and the descriptive statistics in different market situations. The descriptive statistics and variance analysis unveil that the growth rate (num) of investors newly participating in the trade, closed-end fund premium rate (prem), market turnover ratio (turnover), average price-earnings ratio (PE) of the A share, and the active buying rate (buyrate) in the spot market are taken as the original indicators for the composite index of the investor sentiment. Except for the number of investors newly participating in the trade and the active buying rate (buyrate), other indicators have significant differences in the two market situations. It can be seen from the results of the variance analysis that the composite sentiment index presents significant difference in the two market situations. The basis also has significant difference in the two market situations (significant at the 1% level), which indicates that the premium/discount degree of the stock index futures varies in the two market situations and has a mean value of 0.2 in the chaotic stock market, implying an apparent premium phenomenon. The moderator variable and the control variables present different significant levels in the two market situations, which suggests that the above division of the two time periods truthfully reflects different market situations.
Results of Empirical Research
. . Relationship between the Investor Sentiment and the Basis of CSI
Stock Index Futures. Limited by the length of the paper, Table 2 merely lists the quantile vector autoregressive regression model results at representative quantiles (25%, 50%, and 75%, p=3). Table 2 shows the result of the QVAR (quantile vector autoregressive) model. It can be seen from the regression results that the influences of the investor sentiment on the basis are significant, whereas the influences of the basis on the sentiment are not significant. Generally speaking, the quantile 25% represents the premium of the futures market, 50% means that the basis is close to 0, and 75% indicates the discount of the futures market. On this basis, we observed the overall influences of the investor sentiment on the basis. The coefficient of the composite index of the investor sentiment is always negative at all of the quantiles in the two market situations and is the most significant at the chaotic period of the market with the largest absolute value of the coefficient. This indicates that the same range of sentiment change has stronger influences on the basis in the market where the stock price sharply rises and falls when other control variables are unchanged. This also proves hypotheses 1 and 2.
An observation of the regression coefficient reveals that asymmetrical influences of the investor sentiment on the basis present different effects in different market situations: when the stock market runs normally, the investor sentiment has similar influences on the premium and discount of the futures, while, in the chaotic market, the investor sentiment has greater influences and more apparent actions on the basis and the influences exhibit asymmetrical effects, thus proving hypothesis 3. The basis is more likely to be influenced by Table 1 reports the summary descriptive statistics of price series. The explained variable (basis) is the basis of CSI 300 index futures. The regulated variable (structure) is the percentage of stock held by institutional investors. Market interest rate, arbitrage cost, and mean-reversion characteristic are the control variables. We use the weekly interest rate of bond repurchase as the risk-free interest rate. "Impact-F,", "impact-S," and "impact-ETF" are adopted as the impact costs and "rsigma," "frsigma," "psigma," and "fpsigma" represent the waiting cost, and reversion is used to interpret the mean-reversion characteristic. The "PE" is the average price-earnings ratio of the A share, "num" is the number of investors newly participating in the trade, "prem" means closed-end fund premium rate, turnover represents market turnover, and "buyrate" is the active buying rate in the spot market. The index above is taken as the original indicators for the composite index of the investor sentiment. S PLS is the composite index of the investor sentiment in the th week calculated using the sentiment original index by the PLS model. the investor sentiment during the discount. This is because investors commonly have high sentiment when the price booms in the market, thereby attracting large numbers of speculators to trade frequently. When the market liquidity improves, the price expectation is further elevated, causing greater premium. When the market sees steep fall in price, the short-sales constraint of the spot market makes investors panic and the pessimistic emotion will enlarge the irrational behaviors of investors, such that the sentiment exerts more significant influences on the adjustment of the basis. Because of the imperfect short-sales mechanism, the stock index futures market, as one of the few risk management tools of the Chinese capital markets, is overused by pessimistic investors and bears huge selling pressure coming from the spot market when the price falls abnormally in the market. The issue of the market mechanism is also one of the critical reasons for the continuous and great discount during the abnormal volatility of the stock market.
Consistent with the Granger causality test, investor sentiment is the Granger cause of the basis but the basis is not the Granger cause of the investor sentiment. As investor sentiment fluctuates, it will attract large numbers of speculators to trade frequently affecting the basis. However, the fluctuation of the basis does not lead to arbitrage trading effectively as the speculative trading dominates the market and makes arbitrage traders not able to correct the basis to a reasonable level. The Granger causality test verified the result of the quantile vector autoregressive model again.
As the investor sentiment cannot affect the basis significantly, the endogenous issue caused by the interrelated factor of basis and investor sentiment can be avoided. Then we can further discuss the impacts of sentiment on the basis in different investor structures using the quantile regression model.
. . Impacts of Irrational Behaviors of Investors on the Basis in Different Structures.
To verify hypothesis 4, the cross term of the investor sentiment and the investor structure is added in the quantile regression model. The detailed verification results are displayed in Table 3 . By observing the coefficient of the cross term in the regression results, it can be found that the coefficient of the investor sentiment 8 Discrete Dynamics in Nature and Society Table 2 reports the result of the quantile vector autoregressive estimation (QVAR). * * * , * * , and * stand for statistical significance at the 1%, 5%, and 10% level, respectively. Table 3 reports the result of the regression estimation considering investors' structure. The values in parentheses are t statistics value. * * * , * * , and * stand for statistical significance at the 1%, 5%, and 10% level, respectively. and the investor structure is positive in the steady period of the stock market, which is apposite to the effects of the sentiment on the basis and significant at the 10% confidence level. This proves the hypothesis and suggests that the higher the institutionalization level of the futures market in the steady period of the stock market, the smaller the impacts of the investor sentiment on the basis. The positive effects are more significant in the premium of the futures. However, the important conclusion also needs to be noticed: in the chaotic stock market, the coefficient ahead of the cross term of the investor sentiment and the investor structure is not significant and the improvement of the institutionalization level actually does not lower the influences of the investor sentiment on the basis. It indicates that the rising institutionalization level is in favor of stabilizing the market when the stock market runs normally, while when the stock market is chaotic the institutional investors play an insignificant role.
Discrete Dynamics in Nature and Society To more intuitively observe the overall influences of the sentiment index on the basis at different quantiles, Figure 1 displays the changes of the quantile regression coefficients of the influence factors of the basis. As can be seen from the figure, the basis reduces (increases) with the rising (declining) investor sentiment index, and the coefficients at different quantiles in the chaotic market are also smaller than those in the steady market. This indicates that the investor sentiment shows greater influences on the basis when the market is under a chaotic condition. No matter whether the market runs steadily or the market is chaotic, the influences of the investor sentiment on the basis are displayed as a curve indicating that the impacts of the investor sentiment on the basis have asymmetrical effects. According to the significance of the quantile regression results, the arbitrage cost is also among the factors significantly influencing the basis, while the basis does not have an obvious meanreversion characteristic. It can be seen from the figure that the repo rate has significantly different influences on the basis in the two market situations despite the insignificant influences on the basis in terms of the statistics, which can be explained using the theory of the holding cost. When the stock market runs steadily, the repo rate is negatively correlated with the basis. Under the condition, the market sentiment is stable and improvement in the financing cost will lead to the strengthening of the basis, while the opposite situation can be found in the chaotic period of the stock market; that is, the increasing financing cost is more likely to take some of the steam out of the market and decline the return expectation, thus leading to the further weakening of the basis. The results suggest that the holding cost also exerts certain influences on the basis, but the influences are less significant than the investor sentiment.
Moreover, this section discusses focus on the influence of sentiment and investor structure on the basis at different quantiles. The basis is more likely to be influenced by the interaction between investor sentiment and structure. The effect of institutionalization level on investor sentiment is different because the regression coefficients show different symbols. It indicates that the rising institutionalization level is in favor of stabilizing the market when the stock market is stable. Institutional investors can reflect their rational behavior when the stock market is stable but show more irrational behavior when the stock market is in turmoil. [28] , and Zheng and Lin (2015) [8] , trading volume, as the indicator of market liquidity, comprises two parts: the liquidity (expected trading volume) and the information trading volume. Therein, the information trading volume reflects the investor sentiment. Therefore, the first-order autoregression method of Amihud (2002) [29] can be used to decompose the trading volume of the CSI 300 stock index futures and the spot trading volume, so as to represent the market liquidity indicator using the expected trading volume. Moreover, the robustness test method of Li Fengyu (2014) [30] can be adopted to represent the investor sentiment index using five single indicators of the investor sentiment. Meanwhile, the refitting can be conducted using the QVAR model to more clearly reveal the leading function of the investor sentiment on the basis and the influence degrees of various original indicators on the basis. The final regression results demonstrate that (this article omits the robustness analysis of investor sentiment indicators and the relevant forms remain to be retained), in the futures market, the regression coefficient of the expected trading volume is not significant while that of the information trading volume is significant at multiple quantiles; the regression coefficients of both the expected trading volume and the information trading volume are significant in the spot market. The results are opposite to those obtained by foreign researchers, which indicates that the investor sentiment exerts the predominant impacts on the basis in China. In addition, except that the regression coefficients of the new trading accounts and the closed-end fund premium/discount rate are not significant, the other original indicators of the investor sentiment have significant regression coefficients at various quantiles. This suggests that the liquidity proxy indicators (turnover and active buying rate) and the price-earnings ratio that are able to explain the changes of the investor sentiment can more favorably explain the change of the basis than the new trading accounts (the number of investors newly participating in the A-share trade) and the closed-end fund premium rate. In other words, they can more effectively describe the change of investor sentiment in China (the robustness analysis of the investor sentiment index is given in the appendix).
. . . Robustness Analysis of the Endogeneity Caused by the Missing Variables or Measurement Errors.
We use the quantile regression method to investigate the irrational behaviors of investors on the basis in different structures. Although the model built in the research carries out regression analysis considering many key control variables, the endogenous issue caused by the missing variables and measurement errors will lead to biased and inconsistent estimated results of the model. To overcome the issue, most scholars in China use the two-phase regression model based on the instrumental variables while using the quantile regression. However, the obtained results are not always consistent (Terza et al., 2008) [31] . We believe that the basis value lagging by two phases can be introduced in the right side of the regression model (12) to serve as the instrumental variable. The quantile regression based on the instrumental variable can relatively effectively reduce the endogeneity of the model. It can be seen from the robust regression results that the regression coefficients of the investor sentiment are still significantly negative at various quantiles, and the value and significance of the coefficient of the investor sentiment are similar to those in Table 3 . This indicates that the endogenous issue caused by the missing variables and the measurement errors does not influence the conclusions obtained above.
. . . Robustness Analysis of the Endogeneity Caused by
Causal Relationship. The endogenous issue caused by the interrelated factor of basis and investor sentiment can be avoided through the QVAR model and Granger causality test. Moreover, considering that the shareholding ratio of institutional investors is closely related to the situation of the stock market, the change of the basis of stock index futures will influence the investment decision of institutional investors and further impacts the shareholding ratio of institutional investors. The basis of the stock index futures probably has a causal relationship with the investor structure, therefore generating endogeneity and causing biased or inconsistent quantile regression results. In reference to Lee (2007) [32] and Chernozhukov (2015) [33] , we overcome the endogeneity using the control function method by introducing the proxy variable of the investor structure in the right side of the model as the institutional variable. Referring to the measurement method of [34] for the investor structure, the selected proxy variable is measured using the ratio of the trading volume to the positions. The investor structure refers to the relativity of the speculative behaviors to the hedging behaviors, so the ratio of the trading volume to the positions reflects the comparison between the speculative behaviors and the hedging behaviors. Table 4 shows the quantile regression results considering the investor structure, which are very close to the conclusions in Table 3 . This proves that the selected institutional variable is appropriate.
In the quantile regression results based on the control function, although the coefficient ahead of the cross term of the investor sentiment and the investor structure has low significance in the chaotic stock market, the investor structure is negatively correlated with the basis and the absolute value of the coefficient ahead of the investor structure is larger than that of the cross term. This indicates that when considering the interaction effect between the investor sentiment and the investor structure on the basis, the trading behaviors of institutional investors do not stabilize the market although the behaviors of these investors are more irrational. Under the effect of the sentiment, their behaviors can even drive the sharp rise and fall of price of stock index futures. In the steady growth of the market, the coefficient of the investor structure and that ahead of the cross term are positive, and the growing Table 4 reports the result of the regression estimation based on the control function. The values in parentheses are t statistics value. * * * , * * , and * stand for statistical significance at the 1%, 5%, and 10% level, respectively.
institutionalization level plays an extremely significant role in the stabilization of the market. In general, the investor structure is indeed a critical factor influencing the basis: in the steady stock market, the increase in the institutionalization level can decline the influences of the investor sentiment on the basis, while, in the chaotic period of the stock market, the trading behaviors of institutional investors do not stabilize the steady operation of the stock market.
Conclusions and Inspirations
Based on the quantile vector autoregressive model, the research systematically investigates the relationship between the investor sentiment and the basis. It also further discusses the influence of investor structure and investor sentiment on the basis of stock index futures, broadens the existing research boundary, and enriches the research methods. We obtain the following results: investor sentiment exerts asymmetrical impacts on the basis of the CSI 300 stock index futures and the capital market in China has the following three problems in the operation: firstly, there is a one-way causal relationship between the basis and investor sentiment. The basis has no significant impact on investor sentiment, but the investor sentiment presents negative influences on the basis. The basis declines with the growing index of the investor sentiment and increases with the enlarging index, and the influences have asymmetry. The asymmetry is shown in the following two aspects. (1) In different market situations, the investor sentiment has different negative influence degrees on the basis. The results of both the quantile vector autoregressive model and quantile regression model can illustrate this point of view. (2) The negative influences of the investor sentiment on the basis are at different degrees when the stock market witnesses premium or discount in the chaotic situation. When the stock index futures market has discount, the basis is more likely to be influenced by the investor sentiment factors. Secondly, among the indicators of the investor sentiment, the price-earnings ratio, the turnover, and the active buying rate can more effectively explain the changes of the basis. Compared with the market liquidity, the investor sentiment is the leading influence factor of the adjustment of basis in China. Thirdly, the improvement of the institutionalization level of the market does not always reduce the abnormal effects of the investor sentiment on the basis. When the stock market is in the steady state, the influences of the investor sentiment on the basis decrease with the rising institutionalization level of the capital market. However, institutional investors' irrational trading behaviors induced by the sentiment even drive the sharp rise and fall of the price of stock index futures in China in the chaotic period of the stock market. Similarly, the institutionalized development does not play the anticipated role in stabilizing the market in the stock market slump.
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The one-way causal relationship between the basis and investor sentiment shows that the basis does not significantly affect investor sentiment. The changes in basis cannot effectively affect arbitrage trading behavior, reflecting changes in investor sentiment, while the change of the futures-spot basis in China is induced mainly by investor sentiment. This result implies that the Chinese capital market is now in a situation of apparent speculative circumstance and low market efficiency. This provides three inspirations for learning the operation of the capital market and the adjustment of the policies relating the capital market: Firstly, the basis cannot influence the investor sentiment indicator through trading behavior; it shows that China's financial market is still immature. The speculative trading dominates the market and arbitrage traders cannot effectively reduce the impact of such noise traders' actions on the market. Secondly, the high arbitrage cost in the futures and spot markets inhibits the realization of the arbitrage and hedging, which makes the basis more likely to be influenced by the investor sentiment and not beneficial to the rational regression of the basis. Thirdly, the asymmetrical impacts of the investor sentiment on the basis are mainly attributed to the asymmetry of the longand short-sales mechanism of the spot market and the few types of the risk management tools including financial futures. This suggests that the short-sales mechanism of the capital market in China remains to be consummated and more types of risk management tools need to be developed. Finally, individual investors account for a large proportion in the Chinese capital market and the institutional investors present an individualization tendency. Once overall investors have irrational behaviors, the formulation and effects of trading strategies (hedging) will be seriously impacted, thus further enlarging the systematic risk of the capital market.
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